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ABSTRACT:

Project Motivation and Objective:

Industrial applications of H, are rapidly growing, such as a raw material in refineries and
hydrogen powered fuel cells. With increasing demand comes the need to produce and purify H,
cheaply and efficiently. Currently, steam reforming is used to produce the bulk of H,
domestically. This reaction produces many by-products that must be removed such as H,O,
CO,, and CO. Reverse-selective membranes pose an elegant method of removing the more
highly condensable steam reformation by-products while maintaining H; at high pressure, thus
eliminating expensive repressurizing steps.

For reverse-selective membranes to be a realistic method of purifying H; certain property
thresholds must be met. Foremost is obtaining CO»/H; selectivity of 15 while maintaining
sufficient permeability (flux) of CO; to render this application economically feasible. Currently
no known polymer meets these specifications. Our research group has found that inclusion of
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nanoparticles substantially increases gas permeation properties when dispersed into stiff chain,
high free volume, glassy polymers (i.e. poly (1-trimethylsilyl-1-propyne) [PTMSP]). It is our
goal to improve the gas transport properties of selected polymers by adding nanoparticles which
have the ability to interact selectively with a target gas, thereby increasing CO,/H; selectivity.

Accomplishments to Date

CO, is an acid gas, and has been extensively used in catalyst and surface science literature to
determine the basicity of metals and metal oxides®. MgO has shown an very high affinity for
CO, adsorption®” as compared to that of H,°. Therefore our research has focused on the
incorporation of CO, adsorption selective nanoparticles, such as MgO, in polymers already
exhibiting reverse-selective characteristics, such as PTMSP.

CO; permeability of 20 volume % MgO-filled PTMSP membranes has been observed to be
106,000 Barrers* for at 35°C and pressure 50 psig, an increase of 300% as compared to unfilled
PTMSP. MgO-filled PTMSP also shows CO, permeability that is 70% higher than fumed silica'
(particles with acidic characteristics) filled PTMSP membranes of the same loading. It is
noteworthy that CO,/H; selectivity of PTMSP does not change with MgO loading. Experiments
have shown that MgO does not enhance the sorption capabilities of the nanocomposite film
compared to the unfilled PTMSP in regards to acid or inert gases (i.e., N»).

FTIR and XPS experiments provide evidence suggesting that MgO interacts with the
trimethylsilyl group on PTMSP. It is believed that the polymer covers MgO nanoparticle
surfaces sufficiently to render any selective adsorption improvement negligible. Thus MgO
“adsorbs” the polymer rather than the target gas, which accounts for the stable CO,/H,
permeation selectivity experienced by our films. AFM experiments have shown MgO
nanoparticles to be better dispersed than equivalent samples of fumed silica. Such dispersion
improvements are attributed to the particle-polymer interaction. We believe that improved
dispersion of nanoparticles provides the basis for increasing permeability.

PTMSP permeability decreases quickly with time, it is also soluble in most common
hydrocarbons. Both of these properties prevent PTMSP from being suitable for industrial
applications. Other work has involved stabilization of PTMSP with respect to chemical
solubility and aging. PTMSP has been cross-linked to improve membrane insolubility in
hydrocarbons and resistance to aging.

*1 Barrer = 10™"° cm*(STP)-cm/(cm®-s-cmHg)

Future Work
Additional research expected to be conducted under this grant includes the following:

e Addition of CO; selective nanoparticles to stiff chained low free volume polymers (i.e.
polyetherimide)

e Addition of MgO for controlled detrimethylsilylation in poly[1-phenyl-2-[p-
(trimethylsilyl)phenyl]acetylene], a polymer soluble in hydrocarbons, to form poly(1,2-
diphenylacetylene), a polymer insoluble in many hydrocarbons and, therefore, more
chemically stable than other substituted acetylene polymers, including PTMSP.



e Exploration of alternative CO, adsorption selective nanoparticles (alkaline earth oxides,
rare earth oxides)
e Incorporation of nanoparticles into cross-linked PTMSP for aging stability improvement
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